We investigated the binding of four lectins to the follicleassociated epithelium (FAE) overlying f t e d mouse small intestinal Peyer' s patches to identify M-cell-specific surface markers. Wheat germ agglutinin and peanut agglutinin displayed heterogeneous staining patterns, binding most avidly to the intestine goblet cells. In contrast, the le& Ulex europeus 1 (UEA 1) andhphocupus tetl;lgonolobus (winged bean; WBA) were almost exclusively M-cell specific. When confocal laser scanning images of tissues stained with fluorescein isothiocpate (FITC)-conjugated UEAl or WBA were compared with the appearance of the same tissues under the scanning electron miaoscope (SEM), UEAl strongly stained 97.2% (106/109) of M-cells, 0.6% (3/516) enterocytes, and 0% (0128) goblet cells, whereas WBA stained 100% (83/83) M-cells, 1.7°/o (6/361) enterocytes, and 5.3% (1119) goblet I cells. The M-cell specificity of the lectin binding was further demonstrated by localization of horseradish peroxidase (HRP)-conjugated lectins under the transmission electron microscope (TEM). This is the first demonstration of carbohydrates in the glycocalyx of M-cells that are not expressed elsewhere on the FAE surface. These carbohydrates not only provide a means to idenufy mouse M-cells by LM but may also conmbute to the Occurrence of specific interactions between microorganisms and the M-cell apical membrane. ( J Hisrochem Cyrochem 41:1679-1687, 1993) 
Introduction
Intestinal membranous epithelial or microfold (M)-cells have been identified in a variety of mammalian species (Trier, 1991) and are located in the follicle-associated epithelium (FAE) overlying both solitary and aggregated lymphoid follicles in the small and large intestines. M-cells transcytose antigens from the gut lumen to the underlying lymphoid tissues, thereby permitting the generation of a mucosal immune response. Some microorganisms use this route to gain entry to the host (reviewed by Kraehenbuhl and Neutra, 1992; Neutra and Kraehenbuhl, 1992; Trier, 1991; Owen and Ermak, 1990) . Little is known of the apical membrane specializations that can distinguish M-cells from enterocytes and facilitate specific interactions between microorganisms and M-cells. Compared with that of enterocytes, the M-cell apical membrane expresses reduced levels of membrane-anchored hydrolase activities such as alkaline phosphatase, similar or increased levels of membrane anchored esterase activity, and has a similar distribution of anionic sites when probed with cationized ferritin (Neutra et al., 1987; Owen and Bhalla, 1983) . In addition, the M-cell apical membrane is relatively rich in cholesterol but is depleted of intramembranous particles in its cytoplasmic face (Madara et al., 1984) . Selective binding of luminal secretory immunoglobulin A (IgA) to the M-cell apical membrane has also been revealed (Kato, 1990; Weltzin et al., 1989; Roy and Varvayanis, 1987) .
Much attention has been focused on the M-cells overlying the aggregated lymphoid follicles in mouse small intestinal Peyer's patches (e.g., Smith and Peacock, 1992; Savidge et al., 1991; Smith et al., 1987; Sicifiski et al., 1986; Bye et al., 1984; Owen and Bhalla, 1983; Bhalla and Owen, 1982; von Rosen et al., 1981; Smith and Peacock, 1980; Owen, 1977) . These cells are characterized by the presence of shortened, irregular microvilli on their luminal surfaces and basolateral invaginations containing one or more lymphocytes. They are therefore readily identified at the EM level. Under the LM, their locations in tissue sections can be inferred by the presence of lymphocytes. However, positive identification of M-cells, particularly in whole tissues, is not easily performed owing to a lack of suitable positive markers. Alkaline phosphatase activity has been used as a negative marker for M-cells (Smith et al., 1987) .
In addition, a membrane potential sensitive dye, DIOC5(3) (Wilson et al., 1985; Sims et al., 1974) , has been employed to identlfy mouse M-cells in living tissues (James et al., 1992) , since M-cells have a lower membrane potential than that of enterocytes (Cremaschi et al., 1989 . Rabbit M-cells can be identified in tissue sections under the LM by the expression of vimentin (Jepson et al., 1992 (Jepson et al., , 1993 Gebert et al., 1992) and by binding of the lectin peanut agglutinin (PNA) (Jepson et al., 1993) . However, these are cytoplasmic markers and therefore do not permit precise localization of M-cell apical surfaces in whole tissues.
Cytochemical studies with ruthenium red have demonstrated a glycocalyx over the surface of the M-cell microvilli, although this glycocalyx is thinner than that covering surrounding enterocytes (Owen et al., 1986; Inman and Cantey, 1983) . The presence of an M-cell surface glycocalyx has been confirmed by using lectins to label cell surface carbohydrates (Neutra et al., 1987; Roy, 1987; Owen and Bhalla, 1983) . Concanavalin A (ConA), wheat germ agglutinin (WGA), PNA, and Ricinus communis agglutinin 1 (RCA) bound equally to M-cells and enterocytes on aldehyde-fixed sections of mouse and rat Peyer's patches (Owen and Bhalla, 1983) . Similarly, WGA and RCA I and I1 failed to distinguish these two cell types on aldehyde-fixed sections of rabbit Peyer's patch FAE, whereas they bound more avidly to M-cells in living tissues (Neutra et al., 1987) . Furthermore, the binding distribution of the lectin Ulexewopaeus 1 (UEA1) to the FAE of aldehyde-fixed sections of adult rabbit appendix and sacculus rotundus was found to be analogous to the distribution of M-cells in these tissues (Roy, 1987) . These latter results suggest that the M-cell glycocalyx indeed differs from that of enterocytes. Therefore, we attempted to identify M-cell-specific surface glycoconjugates by employing a panel of four lectins to probe the FAE overlying mouse small intestinal Peyer's patches. Our studies clearly demonstrated that two of these lectins were M-cell specific. Identification of these M-cell markers not only permits precise identification of these cells under the LM but may also help to explain the mechanisms underlying the specific interactions between microorganisms and the M-cell apical membrane.
Materials and Methods
Leains. The names, sources, and sugar specificities of the four lectins used are listed in Table 1 . The lectins were conjugated to fluorescein isothiocyanate (FIX), tetramethylrhodamine isothiocyanate (TRITC), or horseradish peroxidase (HRP) and purchased from Sigma (Poole, UK). The sugars used to inhibit lectin binding are also shown in Table 1 and were also from Sigma.
Animals. Adult female Balblc mice were housed under specific pathogen-free (SPF) conditions. Unless otherwise stated, tissues were obtained from the jejunum of these mice. Peyer's patches were also obtained from the jejunum of adult male Half Lop rabbits and adult male Wistar rats, both of which were housed under conventional conditions. or confocal microscopy or in 2% glutaraldehyde (in 100 mM sodium phosphate buffer, pH 7.3) at 4'C for 75 min before SEM. The tissues were then examined under a dissection microscope and, when necessary, villi were microdissected away from the domes to facilitate subsequent examinations of the FAE. Peyer's patches were also obtained from rats after cervical dislocation and from rabbits sacrificed by an overdose of sodium pentobarbital, rinsed in PBS, and fixed by immersing directly in cold (-20°C) methanol for 60 min or 2 % glutaraldehyde (in 100 mM sodium phosphate buffer, pH 7.3) at 4'C for 75 min. Tissues for E M were fixed as small (approximately 4 x 1 x 1 mm) blocks in 2% glutaraldehyde at 4'C (in 100 mM sodium phosphate buffer, pH 7.3) for 150 min.
To prepare frozen tissue sections, Peyer's patches were collected as described above, frozen in liquid nitrogen-cooled isopentane onto flat squares (approximately 1.5 cm2) of cork board coated with OTC embedding compound (BDH Poole, UK), and stored in liquid nitrogen. Eight-micrometer frozen sections were subsequently cut in a cryostat, mounted on poly-L-lysine (Sigma)-coated slides, air-dried for 30 min. and fixed in cold (-20°C) methanol for 10 min.
Lectin Cytochemistry. Whole fixed tissues and frozen tissue sections were stained for 60 min at room temperature (RT) by immersion in FIXor TRITC-conjugated lectin at a concentration of 10 kglml in PBS unless otherwise stated. The tissues were then rinsed in PBS, mounted on slides with Vectashield mounting medium (Vector Laboratories; Peterborough, UK) and examined by epifluorescence with a Nikon Diaphot inverted microscope and a Bio-Rad MRC-600 confocal laser scanning imaging system equipped with an argon ion laser. To confrm the specificity of lectin binding, FIX-conjugated lectins were first incubated for 60 min at RT in PBS containing the appropriate carbohydrate inhibitor at a concentration of 0.2 M. The tissues were then immersed in this solution for 60 min at RT, rinsed in PBS, mounted, and examined as described above. In some experiments tissues were subjected to dual staining with two lectins by immersion for 60 min in FIX-lectin, rinsing in PBS, and immersion for a further 60 min in TRIX-lectin.
Lectin-stained cells seen under the LM on whole fixed tissues were identified as specific cell types under the SEM. After staining tissues fixed in buffered 2% glutaraldehyde with FIX-lectin, the position of the domes was recorded and a series of images was obtained under the confocal microscope. In some experiments a small area of the dome was first marked with a fine metal point to facilitate the identification of appropriate regions under the SEM. Tissues were then processed for SEM by dehydrating in a graded series of ethanol solutions, followed by critical point drying in a Samdri 780 critical point drier. The tissues were then mounted on stubs, coated with 15-nm gold using a Polaron sputter coater, and examined with a Cambridge S240 SEM. The regions of the FAE previously imaged under the confocal microscope were identified under the SEM, the precise location being achieved by identification of characteristic surface cracks on the FAE. The identities of stained and unstained cells were then recorded.
Tissues for TEM were fixed in buffered 2 % glutaraldehyde as described above, rinsed in PBS, and endogenous peroxidase activity blocked by immersion for 20 min in 0.3% H202 solution in methanol. After rinsing in PBS the tissues were stained for 60 min at RT by immersion in HRP-lectin at 50 wglml, rinsed in PBS, and bound lectin was detected by immersing the tissue for 15 min in 2.8 mM 3,3'-diaminobenzidine tetrahydrochloride (DAB Sigma) in 50 mM Tris-bufkred saline (TBS) supplemented with 0.02% H202. Tissues were then processed for TEM by immersion in an aqueous ~~ Tissue Preparation. To prepare whole fuced tissues, mice were sacrificed by cervical dislocation, the abdomen incised, and the small intestine removed. Approximately 1-cm lengths of small intestine containing a Peyer's patch were then rapidly excised, opened longitudinally, and pinned flat on cork boards. The tissues were rinsed thoroughly with 10 mM PBS, pH 7.4, and fixed in either cold (-2O'C) methanol for 40 min before light solution of 1% Os04 for i hr at 4°C washed in 100 mM phosphate buffer, pH 7.3, and dehydrated through graded concentrations of acetone at 4'C. They were then immersed in 1:l acetone:epoxy resin for 18 hr, in 1:9 acetone:epoxy resin for 6 hr, and embedded in epoxy resin at 60'C for 18-24 hr. Sections (70 nm) were cut, transferred to 100-mesh formvar-coated copper grids, and examined in a JEOL 100s electron microscope. 
Results

Ulex europaeus 1 (UEAl) Staining
UEAl stained the FAE of whole, fixed mouse small intestinal Peyer's patches in a very distinctive pattern. Intensely stained cells were interspersed between unstained cells and were frequently grouped into tracts radiating outwards from the center to the periphery of the dome (Figure 1 ). UEAl-stained cells tended to be more frequent at the periphery than the center of the dome. When the central regions of eight domes from three Peyer's patches were examined by confocal microscopy and analyzed with Bio-Rad COMOS image analysis software, stained cells were found to occupy an average of 8.2% of the total surface area. These calculations were based on the assumption that the FAE was flat, but since the peripheral regions of the domes were excluded from these calculations this was a reasonable approximation. In contrast to the FAE, the epithelium covering the majority of villi was unstained except for occasional bright cells, although rarely a single villus or a group of villi displayed a heterogeneous staining pattern. Bright UEAl staining was observed in the crypts surrounding both domes and villi. The staining pattern was indistinguishable in Peyer's patches obtained from all levels of mouse small intestine. The specificity of UEAl staining was confirmed, since pre-incubation of UEAl with 0.2 M a-i-fucose solution abolished or greatly reduced staining of both FAE and villous epithelium. The identity of UEAl-FIE-stained cells on whole glutaraldehyde-fmed tissues was determined by comparison of images obtained under the confocal microscope with the appearance of the same regions under the SEM (Figure 2 ). The cell margins could be located on the confocal microscopic images since glutaraldehyde fixation increases autofluorescence, whereas goblet cells could be identified by their lack of autofluorescence (Figure 2a ). Three major cell types could be distinguished under the SEM (Figure 2b ). Cells bearing tightly packed microvilli of uniform length were identifed as enterocytes; cells bearing fewer, shorter, rather broader and irregular microvilli were identified as M-cells (Figure 2c ), whereas goblet cells bore only a small number of irregular microvilli, frequently had small bulges in their cytoplasmic membranes, and were occasionally associated with blebs of mucus ( Figure 2d ). On four Peyer's patches from three mice, six areas of FAE were analyzed by means of the UEAl staining. The results are shown in Table 2 , showing that UEAl is largely specific for M-cells. In addition to M-cells, UEAl also stained a very minor (<L5 %) population of cells on the FAE which consisted of small cells bearing long, regular microvilli (Figures 2a and 2b) . These cells represented approximately 8% of the UEAl-positive cell population, but they could usually be distinguished from M-cells, even when visualized by confocal micros- copy, by their smaller size and rounded shape. The specific labeling of M-cells by UEAl was confirmed by localizing UEA1-HRP at TEM. Dense reaction products were observed over cells with the characteristic morphology of M-cells, i.e., a relatively small number of short, irregular microvilli and an intimate association with lymphocytes ( Figure 3a ). Nonspecific binding of DAB reaction products to cell microvilli was never observed on control tissue that had been exposed to PBS instead of the lectin (Figure 3b ).
Methanol-fixed 8-pm sections of frozen mouse Peyer's patch tissue were also stained with UEA1-FITC and examined by light and confocal microscopy (data not shown). Intense apical staining was observed at intervals in the FAE. consistent with the surface staining of M-cells on whole, fixed tissues. However, this staining pattern was accompanied by a weaker, more diffuse cytoplasmic staining in cells tentatively identified as both M-cells and enterocytes. Brightly stained cells were also observed in the crypts and the lamina propria of both domes and villi. UEAl staining of fixed tissue sections was greatly reduced in intensity by pre-incubation of the lectin with 0.2 M a-L-fucose solution, although stained cells were still observed in the lamina propria. Application of UEAI-FITC at a concentration of 10 pglml to whole methanol-fixed rat and rabbit Peyer's patches produced very heterogeneous staining patterns (data not shown). SEM mapping studies on rat Peyer's patches demonstrated that the staining intensity was not correlated with any particular cell type, although most goblet cells were strongly stained. villi when tested on both whole fixed and frozen fixed tissue sections of mouse small intestinal Peycr's patches, although WBA staining of the FAE in frozen fixed tissue sections was much weaker in intensity than that with UEAI. The similarity in staining patterns was confirmed by dual staining of whole methanol-fixed tissues with WBA-FIK and UEAI-TRITC, when virtually identical staining patterns were achieved (Figure 4) . WBA SEM mapping studies were performed on fivc areas of FAE from four domes obtained from two Peyer's patches from separate mice. These studies confirmed that, like UEAl, WBA is almost cxclusivcly M-cell specific (Figure 5 ; Table 3 ). In addition. as with UEAl. WBA also stained a minor population of small cells bearing long regular microvilli. The specificity of WBA for M-cells was confirmed by TEM, since after reaction of WBA-HRP with DAB dense reaction products were obtained over cells with the characteristic morphology of M-cells (data not shown).
Psophocarpus tetragonolobus (WBA) Staining
WBA-FITC was also tested at a concentration of 20 pglml on whole methanol-fixed rat Peyer's patches, and the staining pattern obtained was similar to that observed when UEA1-FITC was applied to rat Peyer's patches (data not shown). SEM mapping studies revealed that the staining intensity could not be correlated with cell type, although most goblet cells were strongly stained.
Wbeat Germ Agglutinin (WGA) Staining
When WGA-FIX: was applied to the FAE of whole methanol-fiued mouse Peyer's patches, the majority of cells displayed moderate levels of fluorescence, whereas the remaining cells were either very brightly stained or totally unstained. Pre-incubation of the lectin with 0.2 M N-acetyl-D-glucosamine (D-GIuNAc) largely abolished the staining. SEM mapping studies on glutaraldehyde-fixed tissues revealed that most goblet cells were strongly stained (22/24, 92%). most enterocytes moderately or weakly stained (3101320, 97%) . and all the M-cells imaged (25125, 100%) were unstained. 
Peanut Agghtinin (PNA) Staining
When tested at a concentration of 10 pglml on whole fixed mouse Peyer's patches, PNA-FITC strongly stained goblet cells on both the FAE and the villous epithelium, but distinct staining of other cell types was not observed. When the lectin concentration was increased to 100 pglml, a very heterogeneous pattern of weak staining was observed on the FAE, staining being largely blocked by pre-incubation of the lectin with D-galactose. SEM mapping studies revealed that PNA at a concentration of 100 pg1ml strongly stained the goblet cells (616, 100%) and also moderately stained some M-cells (16121, 76%) and a few enterocytes (9/325, 3%).
Discussion
Our results demonstrate that lectins can be used to detect variations in the expression of cell surface glycoconjugates in the FAE of whole fixed mouse Peyer's patches. With PNA we were unable to reliably distinguish between mouse M-cells and enterocytes, in agreement with Owen and Bhalla (1983) . Cytoplasmic PNA binding has been used as an M-cell marker in tissue sections of rabbit Peyer's patches and appendices, although intense labeling of the enterocyte surface precludes its application to whole tissues Uepson et al., 1993) . We have found WGA-FITC to be a negative marker for M-cells in whole fixed mouse Peyer's patches. However, since it was difficult to distinguish some very weakly stained enterocytes from the unstained M-cells, this lectin was of little practical application for M-cell identification. Other workers have previously reported that WGA fails to distinguish M-cells from enterocytes on fixed mouse and rat (Owen and Bhalla, 1983) and rabbit (Neutra et al., 1987) Peyer's patches. The apparent discrepancy between these and our results is probably due to the fact that TEM (used by both these groups) is a more sensitive technique for detecting low levels of WGA binding, and may also be due to the use of different WGA conjugates.
In contrast to binding of WGA and PNA, binding of UEAl and WBA to the FAE of whole, fixed mouse small intestinal Peyer's patches is largely M-cell specific. This was demonstrated by SEM and TEM, >37% and 100% of M-cells being stained by UEAl and WBA, respectively. However, M-cell-specific staining was not achieved when UEAl and WBA were applied to rat Peyer's patch FAE and UEAl was applied to that of rabbits. It seems that there are species-specific variations in M-cells, since vimentin, a positive cytoplasmic marker in rabbit M-cells, is similarly not expressed by the M cells of other species Uepson et al., 1992) . Receptors for UEAl are typically glycoconjugates with a terminal a-L-fucose residue (Matsumoto and Osawa, 1969; Pereira et al. 1978) , whereas the specificity of WBA is generally defined as N-acetyl-D-galactosamine (D-G~INAc), this sugar being the most effective inhibitor of WBAmediated hemagglutination (Appukuttan and Basu, 1981) . Several lectins have thus far been isolated from Psophocarpus tetragonolobus (winged bean) and are broadly grouped into WBA1, the basic lectins, and WBA2, the acid lectins (Kortt, 1984 (Kortt, ,1985 . The WBA used in our studies agglutinated human Type 0 red blood cells (Sigma data sheets), and since WBAl cannot agglutinate Type 0 cells (Kortt, 1984) , this stock of lectin consisted at least in part of WBA2. Acharya et al. (1990) demonstrated that in addition to binding to D-G~~NAc, WBA2 exhibits an affinity for certain fucosylated glycoconjugates, although it fails to bind to free L-fucose. This is consistent with our experiments, since only D-GalNAc and not free L-fucose blocked WBA binding. Therefore, WBA binding to mouse M-cells in the present study does not necessarily imply the presence of D-GalNAc. Our observation that WBA has a binding pattern virtually identical to that of the fucose-binding lectin UEAl suggests that WBA binds to the fucosylated glycoconjugates identified by UEAl on the mouse M-cell surface, rather than to D-GIIINAC residues. This proposal is supported by our unpublished finding that two other lectins with affinity for D-G~INAc, Glycine mux (soybean) and Helix aspersa (garden snail), fail to specifically label mouse M-cells. This is the first time that differential expression of surface glycoconjugates has allowed identification of M-cells within the fixed FAE. The only previous report of possible M-cell-specific surface lectin staining in fixed FAE also concerned the lectin UEAl (Roy, 1987) . The distribution of UEAl binding to aldehyde-fixed sections of FAE obtained from adult rabbit appendix and sacculus rotundus resembled the known distribution of M-cells, and the development of UEAl receptors in neonatal rabbit appendix paralleled that of M-cell evolution in this organ (Roy, 1987) . In contrast, our studies of UEAl binding to methanol-fixed rabbit Peyer's patches have revealed a heterogeneous pattern inconsistent with specific labeling of M-cells. When UEAl and WBA were applied to mouse Peyer's patches, in addition to staining mouse M-cells these lectins also bound to a minor population (<1.5%) of small cells bearing long, regular microvilli. These cells could be the brush (tuft) cells identified in the FAE by Owen (1977) and von Rosen et al. (1981) . or they may be equivalent to the UEAl-reactive endocrine cells stained by Sat0 et al. (1986) on mouse small intestinal villi. The surface staining we occasionally observed on some mouse intestinal villi may correspond to that obtained in some paraffin sections of small intestine obtained from ICR strain mice (Sato et al., 1986) .
Despite this minor limitation, UEAl and WBA are undoubtedly the best markers presently available for identification of mouse Peyer's patch M-cells in fixed whole tissues. These lectins are less useful for identlfying mouse M-cells in tissue sections, since surface staining of M-cells is confused by a more diffuse cytoplasmic staining. With whole fixed tissues, consistently bright staining with UEA1-FITC was obtained on Peyer's patches throughout the small intestine. The staining procedure can be modified as appropriate, since the lectins are available from commercial suppliers ready conjugated to a variety of labels (we used FITC, TRITC, and HRP conjugates) and these labeled lectins can be used with a variety of fixatives (methanol, acetone, and glutaraldehyde have all proven successful). At the LM level, mouse M-cells have previously been identified by using alkaline phosphatase as a negative marker, but since goblet cells are also negative for alkaline phosphatase a second stain must be used to eliminate these cells from the unstained cell population (Smith et al., 1987) . Moreover, the distinction between alkaline phosphatase-negative (white) M-cells and alkaline phosphatase-positive (red) enterocytes is unfortunately not clearcut, and cells with intermediate levels of activity (pink) of unknown structure and function are also observed in large numbers. It is therefore necessary to define criteria for identification of M-cells based on an arbitrary absorbance threshold (Savidge et al., 1991; Brown et al., 1990; Smith et al., 1987 Smith et al., ,1988 . These problems are exacerbated by the fact that some M-cells are actually alkaline phosphatase positive (Owen and Bhalla, 1983) and because alkaline phosphatase activity in enterocytes is significantly reduced in the distal small intestine (Hietanen, 1973 ). An alternative marker reported for mouse M-cells is the membrane potential-sensitive dye DIOCs( 3). This dye must be applied to living tissues, and although it has been reported to selectively stain M-cells its use has thus far been validated only by comparison with staining for alkaline phosphatase activity and not by EM (James et al., 1992) .
In the present study, clear staining by UEAl and WBA permitted the assessment of mouse M-cell distribution under the LM. Stained cells were usually arranged in tracts radiating from center to periphery of the domes, an arrangement that may reflect the origin of M-cells, as each tract may represent a group of cells that have originated from a single crypt. This finding is consistent with the results of previous cell radiolabeling studies, which revealed that the FAE is supplied with cells from the intestinal crypts Bhalla and Owen, 1982; . Two hypotheses have thus far been proposed for the origin of M-cells. According to the first, M-cells develop from enterocytes within the FAE (Smith and Peacock, 1980 Savidge et al., 1991; Smith et al., 1988; Bhalla and Owen, 1982) . whereas the second postulates that they arise independently of enterocytes from undifferentiated crypt cells via transitional immature M-cells Uepson et al., 1993; Sicifiski et al., 1986; Bye et al., 1984) . Our results can be taken to support either of these two hypotheses. Our finding that M-cells were more numerous at the dome periphery is in agreement with that of Savidge et al. (1991) and seems to support the second hypothesis. Furthermore, lectin binding was largely an allor-nothing phenomenon: UEAl and WBA failed to identlfy a cell population equivalent to that expressing an intermediate level of alkaline phosphatase activity (pink cells), which may represent an intermediate stage of development between enterocytes and M-cells (Brown et al., 1990; Smith et al., 1988) . In contrast to these findings, SEM revealed that a few UEAl-stained cells were enterocytes and a few UEAl-unstained cells were M-cells. These stained enterocytes and unstained M-cells may represent a transitional form between the two cell types. We therefore cannot exclude the possibility that M-cells develop from enterocytes within the FAE, surface expression of the UEAl and WBA receptors arising relatively late in differentiation compared with the loss of alkaline phosphatase activity. There may be merit in both hypotheses concerning M-cell origin, i.e., most M-cells arise directly from undifferentiated crypt cells but a few enterocytes retain the ability to differentiate into M-cells. This would explain why we observed only very low numbers of stained enterocytes and unstained M-cells. Alternatively, stained enterocytes and unstained M-cells may represent subpopulations of fully differentiated cells with different glycocalyx characteristics.
We have demonstrated that both UEAl and WBA are excellent positive markers of mouse M-cells in whole fixed mouse small intestinal Peyer's patches. A distinctive glycoconjugate profile in the M-cell glycocalyx of mice and other species could play a role in specific targeting of microorganisms to M-cells, since lectins on the surface of bacteria frequently mediate their adhesion to cells (reviewed by Sharon and Lis, 1989; Sharon, 1987) . In the future it may be possible to exploit these surface glycoconjugates for targeting orally administered vaccines and drugs to M-cells, thereby allowing their adsorption by these specialized sites of antigen uptake.
